BACKGROUND: Thyroid hormone is a central regulator of body functions. Disorders of thyroid function are considered to be a cause of electrolyte disorders. Only few data on the association between thyroid function and electrolyte disorders exists. METHODS: In the present retrospective analysis data from all patients admitted to the Department of Emergency Medicine of a university hospital who had measurements of thyroid function (TSH, fT 3 , fT 4 ) and electrolytes were included. RESULTS: 9,012 patients with measurement of TSH and electrolytes were available. 86% of patients had normal, 4% suppressed and 10% elevated TSH. Serum sodium was significantly lower in patients with high TSH levels (p <0.01). There was a significant correlation between serum TSH and phosphate level (p <0.05). Phosphate levels were higher in patients with elevated TSH than in patients with normal TSH (p <0.01). Serum calcium and magnesium correlated significantly with TSH (p <0.05). fT 3 levels correlated significantly with calcium (p <0.05). Hyponatraemia was present in 14% of patients with high TSH and was significantly more common than in the group with normal TSH levels of which 9% had hyponatraemia (p <0.01). Hypokalaemia was more common in the group with elevated TSH than in those with normal TSH (14 versus 11%, p = 0.016). Hyperkalaemia was more common in the group with high TSH levels (7%) than in those with normal TSH (7 vs. 4%, p <0.01). CONCLUSION: An association between thyroid function and electrolyte disorders seems to exist, although it is probably only relevant in marked hypo-/hyperthyroidism.
Introduction
Electrolyte disorders are common in hospitalised patients with dysnatraemias being the most common ones [1, 2] . In recent years research has focused on outcomes of patients with electrolyte disorders, mainly hypo-and hypernatraemia, which were found to be associated with increased mortality [3] [4] [5] [6] . But also disorders of potassium, phosphate and magnesium showed to be predictors for increased mortality [7] [8] [9] . Thyroid hormone is a central regulator of body haemodynamics, thermoregulation and metabolism. It therefore has an influence on renal haemodynamics, glomerular filtration, as well as the renin angiotensin aldosterone system and renal electrolyte handling [10] . In many standard textbooks and reviews different electrolyte disorders were associated with thyroid dysfunction. In severe hypothyroidism and myxoedema hyponatraemia was described to be a consequence of enhanced renal water retention mediated by vasopressin [11] . On the other hand, hypokalaemia, hypomagnesaemia and hypercalcaemia were mentioned in patients with thyrotoxicosis [12] [13] [14] . Severe thyroid dysfunctions are rare and often additional factors contribute to the development of clinical signs as well as electrolyte disorders. Surprisingly, searching the literature by use of PubMed with "thyroid/thyroid hormones" and "electrolytes" as key words, no original investigations could be found on the prevalence of electrolyte disorders in patients with mild forms of hypo-or hyperthyroidism. We therefore wanted to investigate the effects of thyroid stimulating hormone (TSH) on serum electrolytes in a broad spectrum of patients admitted to the emergency department of a large university hospital.
Methods
In this retrospective analysis, we screened the electronic database of the central laboratory for all thyroid stimulating hormone levels which were ordered by the Emergency De-partment of the Inselspital University Hospital Bern between 1 April 2008 and 31 March 2011. Of all patients identified in the first step, we gathered information on age and sex. Data on serum sodium, potassium, chloride, calcium, phosphate, magnesium, creatinine, urea, and serum osmolality were collected. Serum levels of free T 3 and T 4 were obtained. Normal ranges for TSH, fT 4 and fT 3 were 0.35-4.5 mU/l, 9.5-25 pmol/l and 2.9-6.5 pmol/l, respectively. Hypothyroidism was defined as a fT 4 concentration below the normal range value, hyperthyroidism as fT 4 and/or fT 3 concentration above the normal range. TSH, fT 3 and fT 4 were measured by electrochemical luminescence immunoassays by use of Modular E170, Roche, Hoffmann-La Roche Ltd., Switzerland. Serum osmolality was measured by freezing point depression using the Advanced Osmometer, Advanced Instruments Inc., Norwood, MA. Sodium, potassium, chloride were measured by indirect potentiometry using the Modular ISE 900 by Roche, Hoffmann-La Roche Ltd., Switzerland. Magnesium was determined by use of a colour test, calcium by calcium o-kresolphtalein-komplexon test and phosphate by an ultraviolet test using Modular P800 by Roche, Hoffmann-La Roche Ltd., Switzerland. Creatinine was measured using an enzymatic photometric test using Modular P800 by Roche, Hoffmann-La Roche Ltd., Switzerland. We defined electrolyte disorders according to the reference ranges for adults of the central laboratory of the Inselspital University Hospital Bern: Hyponatraemia <135 mmol/l; hypernatraemia >145 mmol/ l; hypokalaemia <3.5 mmol/l; hypochloraemia <97 mmol/l; hyperchloraemia >108 mmol/l; hyperkalaemia >4.7 mmol/ l; hypocalcaemia <2.1 mmol/l; hypercalcaemia >2.55 mmol/l; hypophosphataemia <0.84 mmol/l; hyperphosphataemia >1.45 mmol/l; hypomagnesaemia <0.75 mmol/ l; hypermagnesaemia >1.0 mmol/l.
Statistical methods
Results are presented as median and first (Q1) and third (Q3) quartile as suggested by the performed Lilliefors test. Correlations, Mann-Whitney-U tests and chi-square tests were computed using STATISTICA 9.1, Statsoft Inc., Tulsa, Oklahoma. The study was approved by the ethics committee of the Canton of Bern, Switzerland, which represents the local authority for ethics in medical science.
Results
During the study period a total of 9,012 patients with available serum TSH levels ordered by the Department of Emergency Medicine could be identified. Median age of the patients was 61 years (Q1: 45, Q3: 74). 51% (N = 4,558) of patients were male. Median serum levels for thyroid function parameters and electrolytes are given in table 1. 872 (10%) patients had hyponatraemia, 125 (1%) hypernatraemia, 1,009 (11%) had hypokalaemia and 434 (5%) had hyperkalaemia according to the reference range of the central laboratory. An overview of the prevalence rates of all electrolyte disturbances on admission to the emergency department is given in table 2. 7,759 (86%) patients had normal, 396 (4%) had suppressed and 857 (10%) had elevated TSH levels. 15 (2% of patients with elevated TSH) patients with elevated TSH levels had fT 4 levels below normal range and 37 (4%) had fT 3 levels below normal range. In patients with suppressed TSH, 61 (15% of patients with suppressed TSH) had elevated fT 4 and 38 (10%) had elevated fT 3 . Serum TSH and fT 4 levels did not correlate with serum sodium levels (R = -0.02 and R = 0.022, p >0.05). However, there was a significant correlation between serum fT 3 levels and serum sodium (R = 0.11, p <0.05). Figure 1 gives the correlation between fT 3 and serum sodium. While there was no significant difference in serum sodium between patients with normal and low TSH levels (139 vs 139 mmol/l, p >0.05), serum sodium was significantly lower in patients with high TSH levels (138 vs 139 mmol/l, p <0.01). An overview of serum electrolyte levels stratified for TSH levels is given in table 3. Serum TSH levels did not correlate significantly with potassium (R = 0.01, p >0.05), chloride (R = -0.003, p >0.05) and serum osmolality (R = -0.06, p >0.05). There was a significant correlation between serum TSH levels and phosphate levels in serum (R = 0.08, p <0.05). Phosphate did not correlate with fT 4 and fT 3 levels in ser-
Figure 1
Correlation between serum fT 3 and serum sodium (R = 0.11, p <0.05).
Figure 2
Correlation between TSH and serum phosphate (R = 0.08, p <0.05).
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Swiss Med Wkly. 2012;142:w13669 um (R = -0.01 and R = -0.06, p >0.05). Phosphate levels were significantly higher in patients with elevated TSH than in patients with normal TSH values (1.19 vs 1.04 mmol/l, p <0.01). Additionally, serum calcium and magnesium levels correlated significantly with TSH levels (R = -0.03 and R = 0.1, p <0.05). Serum fT 3 levels correlated significantly with serum calcium levels (R = 0.11, p <0.05) but serum fT 4 did not (R = 0.01, p >0.05). A significant correlation could not be shown for magnesium and fT 3 levels (R = -0.04, p >0.05) but fT 4 correlated significantly (R = -0.19, p <0.05). Although marginal, serum calcium levels were significantly lower in patients with high TSH than with normal TSH (2.23 vs 2.25, p <0.01). There was no difference in chloride and magnesium levels between patients with normal and high TSH levels (p >0.05, respectively). Potassium was significantly higher in patients with low TSH levels than in patients with normal TSH (4.03 vs 3.9, p <0.01), while there was no difference for chloride, calcium, phosphate and magnesium. Hyponatremia was present in 119 (14%) patients with high TSH and was significantly more common than in the group with normal TSH levels of which 719 (9%) had hyponatraemia (p <0.01). Only 34 (9%) patients with suppressed TSH levels had hyponatraemia on admission to the emergency department. Hyponatraemia was significantly more common in the high than in the low TSH group (14 vs 9%, p = 0.04). There was no difference in the prevalence rate of hypernatraemia between groups. Analogous to hyponatraemia, hypochloraemia was more common in patients with high TSH than in those with normal TSH (23 vs 13%, p = 0.03). Hypokalaemia was significantly more common in the group with elevated TSH than in those with normal TSH levels (14 vs 11%, p = 0.016). Again there was no difference in the prevalence of hypokalaemia between patients with normal TSH levels and those who showed suppressed TSH. However, hyperkalaemia was more common in the group with high TSH levels (7%) than in those with normal TSH (7 vs 4%, p <0.01). There was no significant difference seen for hypokalaemia between patients with high TSH and those with low TSH (14 vs 11%, p = 0.07). Also, there was no significant difference for hyperkalaemia between patients with suppressed and those with high TSH (8 vs 7%, p = 0.43).
Hyperphosphataemia and hypermagnesaemia were more common in patients with high TSH levels than in those with normal TSH (14 vs 7%, p = 0.01 and 7 vs 4%, p = 0.02). Hypochloraemia was more common in patients with high TSH than in those with normal TSH (23 vs 13%, p = 0.03). Serum creatinine levels were significantly higher in patients with low TSH levels than in those who had normal TSH (99 vs 82 μmol/l, p <0.01). In the group with high TSH levels creatinine was highest (105 μmol/l, p <0.01). In the group of patients with highest TSH levels (≥40 mU/ l, 16 patients) only 2 patients had hyponatraemia, 2 had hypernatraemia, 1 had hypophosphataemia and hyperphosphataemia, 2 had hypocalcaemia, 1 had hypermagnesaemia and 1 had hyperchloraemia.
Discussion
It was the aim of the study to investigate the effects of thyroid function on serum electrolytes. According to different case reports in the literature someone could expect electrolyte disturbances in any sort of thyroid dysfunction, but those reports only include patients with severe forms of hypo-or hyperthyroidism. In the present study, only mild forms of hypo-and hyperthyroidism, based on elevated or low TSH levels respectively were available and most of the patients showed normal TSH levels. Of 9,012 patients admitted to the emergency department of our university hospital, 9.7% showed hyponatraemia. Hyponatraemia was significantly more common in patients with elevated serum TSH levels. Although serum sodium did not correlate with TSH levels, a significant correlation could be shown between fT 3 levels and serum sodium. While no correlation could be found between TSH levels and serum potassium and chloride levels, serum phosphate, calcium and magnesium correlated significantly with TSH. Hypothyroidism is mentioned as a cause of hyponatraemia in a lot of specialty textbooks as well as in reviews published in highly ranked journals [2, [15] [16] [17] [18] . However, to our knowledge, the present study is the first original contribution studying the association of thyroid hormone on serum sodium and other electrolytes in a large collection of patients. In contrast to a letter presenting original data, which did not find an association between high serum TSH 
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Swiss Med Wkly. 2012;142:w13669 levels and hyponatraemia, we found that hyponatraemia was more common in patients with elevated TSH compared to those with normal TSH [19, 20] . Although serum TSH levels per se did not correlate with serum sodium, the biologically most active fT 3 correlated significantly with serum sodium concentrations. However, it should be stated that the effects shown in this study are minute and the higher prevalence rate for hyponatraemia in the group with high TSH levels was only slight. The theoretical mechanisms explaining an association between thyroid function and serum sodium were reviewed recently [10] . An impaired urinary dilution capacity due to non-osmotic release of anti-diuretic hormone, as well as increased urine sodium loss was the major mechanism for hypothyroid induced hyponatraemia in rats [21] . Prospective studies with long term follow up in patients with newly diagnosed hypothyroidism and hyponatraemia could help to determine whether the electrolyte disorder really resolves itself after starting hormone substitution. Hyponatraemia was recently shown to be associated with an increased risk of falls and fractures, making the subject more relevant for patients prognosis [22, 23] , especially the elderly. This would justify the efforts of a prospective observational study.
In addition, a correlation of TSH levels with serum phosphate could be found. Animal studies propose thyroid hormones as long term regulators for phosphate metabolism. fT 3 elevates renal phosphate reabsorption and elevates serum phosphate levels in rats [24] . Although no significant correlation between serum phosphate and fT 3 could be shown, elevated TSH levels were related to higher serumphosphate levels in our study. The higher prevalence of hyperphosphataemia in the group with high TSH levels in our study is controversial to the current basic and clinical research data, and may potentially be explained be a different underlying pathology in these patients [25] . The correlation of thyroid function (TSH and fT 3 ) with serum-calcium levels in our study fits with clinical and animal studies. Hypercalcaemia was described in patients with hyperthyroidism due to an enhanced bone turn over [26] . Additionally, renal calcium excretion is influenced by thyroid hormones, as in rats FE(Ca) was decreased in hyperthyroidism and increased in hypothyroidism [27] . Serum-potassium levels were normal in myxoedema, but often decreased in thyrotoxicosis. A potassium shift in the cell as well as an enhanced renal potassium excretion where the reasons for hypokalaemia in hyperthyroidism [28] . In our study no conclusive statement for thyroid function and serum-potassium could be given, because elevated TSH levels were correlated with hyper-as well as hypokalaemia. Hypomagnesaemia was described in thyrotoxicosis, but not found in our study. On the other hand we could show elevated TSH levels in patients with hypermagnesaemia. The mechanisms of changes in serum magnesium levels due to thyroid dysfunctions were not described in the literature. Our study is limited by the retrospective design. Additionally, the list of potential confounders for electrolyte disorders is long. An unknown proportion of patients presented in this study suffered from acute illness influencing both electrolyte as well as thyroid hormone homeostasis. However, many if not most of our patients present with minor problems such as simple viral infections of the upper respiratory tract or small traumas. A detailed case by case review would be necessary in order to rule out all potential other causes for changes of serum electrolyte levels. However, this would not be possible due to the large number of patients included in the analysis. Additionally, free 
